Background: Lengthy microvascular procedures carry hypothermia risk, yet limited published data evaluate the overall impact of core temperature on patient and flap morbidity. Although hypothermia may contribute to complications, warming measures are challenged by conflicting reports of intraoperative hypothermia improving anastomotic patency. Methods: A retrospective review included all free flaps performed by plastic surgeons at an academic medical center from December 2005 to December 2010. Intraoperative core temperatures were measured by esophageal probe, and median values recorded over 5-minute intervals yielded a case mean (T avg ), maximum (T max ), and nadir (T min ). Outcomes included flap failure, pedicle thrombosis, recipient site infection and complications associated with patient, and flap morbidity. Analysis used Student t test, Fisher exact test, Probit, and logistic regression. Results: Of 156 consecutive free tissue transfers, the median T avg , T max , and T min were 36.5-C, 37.1-C, and 35.8-C, respectively. The f lap failure rate was 7.7% (12/156) and pedicle thrombosis occurred in 9 (6%) cases. Core temperatures did not associate with overall f lap failure or pedicle thrombosis but recipient site infection occurred in 21 (13%) patients who had significantly lower mean core temperatures (T avg = 36.0-C, P G 0.01). Lower T avg and T max significantly predicted recipient site infection (P G 0.01 and P G 0.05, respectively). Cut-point analysis revealed significant increases in recipient site infection risk at T avg less than 37.0-C (P = 0.026) and T min less than or equal to 34.5-C (P = 0.020). Conclusions: Intraoperative hypothermia posed significant risk of f lap infection with no benefit to anastomotic patency in free tissue transfer. CI indicates confidence interval; OR, odds ratio; T avg , mean temperature; T max , maximum temperature; T min , nadir temperature. FIGURE 3. Infection risk plotted by mean intraoperative core temperature. The points are observed values and the trendline represents predicted risk.
S urgical patients are at risk for hypothermia due to effects of inadvertent heat losses from surgical exposure and anesthesia-related effects on thermal regulation. 1 Intraoperative hypothermia, typically cited as core temperature less than or equal to 36-C (96.8-F), may pose significant risks, such as increased incidence of infection, 2Y4 increased blood loss, 5, 6 cardiac morbidity, 7 impaired wound healing, 8 longer hospital stay, and increased cost. 2, 9 Core temperature should be of particular interest to the microsurgeon, because prolonged procedural length and large fields to encompass both the donor and recipient site expose significant body surface area to involuntary cooling. Unfortunately, the overall role of core temperature in free tissue transfer is unclear, with a paucity of literature and no major clinical study to assess the impact of core temperature on patient and f lap morbidity.
In the modern era, patients may be warmed intraoperatively via active reheating (ie, forced air warming) or protected from thermal losses via preventative measures such as increasing ambient temperature or minimizing exposure. Unfortunately, these practices vary significantly on an institutional or individual basis. The common utilization of intraoperative warming is due largely to reported reductions in surgical site infections with intraoperative warming among multiple surgical disciplines. 3, 4, 10, 11 Surgical site infections are not only morbid to the patient, but also significant cost drivers because hospital-acquired complications receive limited reimbursement. Surgical site infections account for 38% of nosocomial infections, and in an effort to stave this trend, perioperative temperature management is now a quality performance measure in the Centers for Disease Control and Prevention and Centers for Medicare and Medicaid-initiated Surgical Care Improvement Project. 12 Microsurgery, particularly free tissue transfer, has no evidencebased standard protocol regarding optimal core temperature or maintenance of normothermia. To complicate matters, the optimal intraoperative core temperature in free tissue transfer has recently come into question, with some who suggest mild hypothermia (36.0-CY36.4-C) may reduce the incidence of pedicle thrombosis, based on theory that a hypothermiainduced coagulopathy and reduction in platelet aggregation increases anastomotic patency. 13, 14 Because intraoperative hypothermia carries potential risk, it is possible that any benefit to anastomotic patency may be overshadowed by morbidity and complication. Accordingly, this study's goal was to characterize the overall clinical impact of intraoperative core temperature in free tissue transfer.
METHODS

Study Design
The institutional review board approved a retrospective review of all microvascular reconstructions performed between December 2005 and December 2010 by the Department of Plastic Surgery at Vanderbilt University Medical Center. All information was gathered from the proprietary electronic medical record system and enterprise data warehouse.
The review included all patients older than 18 years who underwent free flap reconstruction. Each reconstructive procedure was considered as a single event, thus patients who received multiple free flaps at once (ie, bilateral free transverse rectus abdominus myocutaneous flaps) were considered one event, whereas free flaps performed at distinct intervals for the same patient were recorded as independent events.
Variables
In all cases, intraoperative core temperatures were captured every 30 seconds for the duration of the procedure by esophageal probe, with a median value recorded over every 5-minute interval. These median values were used to calculate a case mean (T avg ), maximum (T max ), and nadir (T min ).
Other variables of interest were culled from the proprietary perioperative database, which included demographics, recipient site, donor site, type of f lap, reconstructive indication, surgical duration, comorbid diseases, and American Society of Anesthesiologists (ASA) Physical Status Classification.
Outcomes
The primary outcomes were flap failure, defined by total f lap necrosis or complete flap debridement within 30 days postoperatively; pedicle thrombosis, classified as arterial, venous, or both; and recipient site infection, defined as clinical signs of infection involving the f lap treated by pharmacologic and/or surgical measures. Secondary outcomes were associated with patient and flap morbidity: death, myocardial infarction, pulmonary complication (pneumonia, atelectasis, and pulmonary edema), stroke, dysrhythmia, partial flap necrosis requiring debridement, hematoma, and flap dehiscence.
Analysis
Outcomes were treated as binomial (ie, present or absent). Binomial logistic regression was used for continuous variables, along with Student t test for comparison of means. Categorical variables were analyzed by W 2 with Fisher exact test applied ad hoc to appropriately control for low occurrence rates. Graphical diagnostic plots were used to evaluate trends of average and nadir temperatures with regard to recipient site infection. The relationship between average temperature and recipient site infection was also subjected to Probit analysis to quantify strength of an exposure-response curve. Cut points were also determined for average and nadir temperatures using the minimum P value approach. Statistical significance was achieved at 2-tailed P values below 0.05. All analyses were performed within SPSS Statistics version 19 (IBM Corporation, Chicago, Ill).
RESULTS
One hundred forty-seven patients underwent 156 consecutive microsurgical procedures. The most common flap type, recipient site, and indication were transfer of a free gracilis (35%) to the lower extremity (51%) for traumatic reconstruction (44%) ( Table 1 ). The median T avg , T max , and T min were 36.5-C, 37.1-C, and 35.8-C, respectively. Primary and secondary outcomes are summarized in Table 2 . Overall, the flap failure rate was 7.7% (12/156). The most common cause of failure was pedicle thrombosis (7/12), followed by underlying hardware infection with complete flap debridement (2/12). Pedicle thrombosis occurred in 9 (6%) cases with 2 flaps successfully salvaged after arterial thrombectomy. Two early failures became cool and pale with loss of Doppler flow signals and were removed on postoperative days 4 and 5. Under surgical examination in both instances, no flow was observed in the pedicle and no thrombus was directly visualized. One flap dehisced with exposed underlying hardware and was removed on postoperative day 7. The final failure was found to be cold and pale on postoperative day 18 and presumed to be lost due to pedicle compression.
Flap infection occurred in 21 (13%) patients who, on average, had significantly lower mean intraoperative core temperatures (T avg = 36.0-C, P G 0.01). Clinical and operative characteristics are summarized with regard to recipient site infection in Table 3 . Cut-point analysis of T avg and T min demonstrated stepwise increases in infection rates over lower temperature intervals with statistical significance at T avg less than or equal to 34.5-C (P = 0.048), T avg less than 37.0-C (P = 0.026), and T min less than or equal to 34.5-C (P = 0.02; Fig. 1 ). Patients with nadir temperatures less than or equal to 34.5-C experienced 382% greater recipient site infection risk (44.4% vs 11.6%, P G 0.01; Fig. 2 ).
Univariate analysis revealed that core temperatures had no association with overall f lap failure or pedicle thrombosis (Table 4 ). Lower T avg and T max were statistically significant predictors of recipient site infection (P G 0.01, P = 0.03, respectively). Furthermore, Probit analysis demonstrated that T avg predicted recipient site infection in an exposure-response relationship (P G 0.01; Fig. 3 ). Intraoperative core temperatures did not associate with other surgical 
DISCUSSION
In this series, intraoperative core temperature did not impact the overall success of free tissue transfer, but patients with lower core temperatures experienced a significantly increased risk of f lap infection. Patients warmed to a case average of 37-C with nadir temperatures no lower than 34.5-C were significantly less likely to experience postoperative flap infection. Although a simple correlation cannot be excluded, the statistically significant exposure-response relationship between core temperature and infection risk provides compelling evidence for a potentially causal relationship (Fig. 3 ). These data also suggest that hypothermia poses no benefit to anastomotic patency.
Although this is the first study to our knowledge to report a significant link between intraoperative hypothermia and surgical site infection in microsurgery, several high-level evidence studies among other surgical disciplines corroborate these findings. 2Y4,9Y11,15 Surgical site infections are reported to occur at a rate of 2% to 5% in the acute care setting, and contribute to increased hospital length of stay, increased cost, and higher risk of mortality. 16 Regarding hypothermia, it is estimated that as many as 50% to 90% of surgical patients will experience hypothermia (core temperature, G36-C) in the absence of preventative warming measures. 1 Relationships between intraoperative hypothermia, infection, and the preventative effect of warming measures were first described in intra-abdominal, clean-contaminated surgery, 2, 15 and subsequently reported in both contaminated and clean surgery. 3, 4 A meta-analysis reported that hypothermia of 1.5-C below baseline resulted in adverse outcomes contributing, on average, an additional $2500 to $7000 per patient, and that an intraoperative drop of core temperature by 1.9-C during colon resection triples incidence of surgical wound infection. 9 Similarly, a randomized, controlled trial in short duration, clean surgery reported a 3-fold reduction in wound infection rates among patients who underwent preoperative warming (5% vs 14%, P = 0.001). 4 In a study of head and neck cancer reconstructions using both regional and free flaps, a retrospective review of 136 patients reported that patients with intraoperative core temperatures below 35-C experienced a 5-fold (odds ratio, 5.057; P = 0.02) increase of infectious and local wound complications, including flap loss, hematoma, pneumonia, fistula formation, wound breakdown, and cerebrospinal f luid leak. 10 However, our study contrasts the findings of 2 recent reports that propose a hypothermia-mediated anastamotic patency benefit, based on temperature-dependent disruption of platelet function and decreased reaction rates of coagulation factors. 13, 14 The first is a prospective animal study of 40 rats that were separated into core body temperature cohorts (34-C, 35-C, 37-C, and 39-C) during bilateral free groin f laps. The authors reported a significant linear association with worse f lap survival at high temperatures (P = 0.026) and decreased success rates in the warmest cohort (39-C) compared to the coolest cohort (34-C) (67.5% vs 90%, P = 0.027). 14 There were several limitations to this study, namely limitations of the animal model, particularly because rat core temperatures do not correspond to normal human temperatures.
The results of the aforementioned study led to a retrospective review of 212 free flap reconstructions at the same institution. The authors defined pedicle thrombosis as all incidences of complete flap necrosis and compared failure to intraoperative maximum and minimum temperatures. The authors report an inverse relationship between thrombosis and minimum temperatures, and a direct relationship to maximum temperatures, with a calculated optimal range of 36-C to 36.4-C, and observed lower failure rates among patients maintained in this range compared to those warmed to 37.5-C or above. 13 The authors did not report associations with any other outcomes such as intraoperative blood loss, incidence of wound infection, or medical morbidity. They were also unable to account for duration of hypothermia and did not distinguish specific etiologies of flap failure, attributing all incidences of failure to pedicle thrombosis.
In contrast, our series revealed no relationship between core temperature and overall f lap failure or pedicle thrombosis. Although our review may not be sufficiently powered with regard to incidence of pedicle thrombosis, the significant incidence of infection among patients with lower core temperatures in our series would likely outweigh any theoretical benefit.
The specific mechanisms behind hypothermia-mediated infection risk are still subject to debate, but it is generally agreed that hypothermia blunts host immunologic responses to bacterial contamination. Specifically, reports have demonstrated that even mild hypothermia diminishes natural killer cell activity, decreases antibody production, prohibits production of reactive oxygen species, and impairs macrophage motility. 2, 17, 18 Furthermore, because the decisive period for establishing infection is believed to occur within hours of contamination, the blunting of host natural immunologic defenses by hypothermia can significantly increase infection risk in the postoperative period. 1, 18 In addition to infectious complications, hypothermia has also been reported to adversely affect wound healing via temperature-mediated vasoconstriction that induces tissue hypoxia. Because collagen deposition in humans occurs at a rate proportional to partial pressure of arterial oxygen in humans, hypothermiainduced vasoconstriction and resulting tissue hypoxia blunts collagen deposition and impairs general wound healing. 19 There are several practices to combat hypothermia in the surgical patient. Perhaps most simple and cost-effective are measures that increase ambient temperature and minimize patient exposure. A study by El-Gamal et al 20 reported that perioperative hypothermia risk is eliminated when ambient temperatures are maintained at 26-C (79-F). However, the practical and logistical considerations of maintaining such significantly elevated ambient temperatures in the operating room during lengthy procedures are likely to be unpopular and thus infeasible. Accordingly, active warming methods (ie, forced-air heating) are the gold standard of hypothermia prevention. 1 Preoperative warming can also be used, particularly to blunt the magnitude of core-toperipheral heat redistribution described to occur during the first hour of surgery, and perioperative warming, extending an additional 2 hours before and after surgery, has been associated with lower blood loss and complication rates. 21 This study certainly acknowledges limitations. Our population included a comparatively high-risk population because the most common indication was limb salvage in the setting of trauma, a distinction that may limit the generalizability of our findings to other populations and indications. The retrospective design prevents distinction between correlation and causation, and the authors are currently underway to develop a prospective clinical trial to further illuminate these relationships and perhaps define a practical, effective protocol to combat postoperative infection in our practice. 
